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(57) Abstract: 



PURPOSE: A method for fabricating a polishing pad using a laser 
beam and a mask is provided to form various patterns of a micro 
hole, a groove, and a through hole on a polishing pad by using the 
laser beam and the mask. CONSTITUTION: A laser device(100) is 
used for irradiating a laser beam. A micro hole corresponds to a 
pattern formed on a polishing pad(10). A mask(101) has a pattern of 
a groove and. a pattern of a through hole. A tabled 04) is used for 
performing a three-dimensional motion and a rotation motion. The 
polishing pad(104) is loaded on the tabled 04). A micro hole is 
formed on the polishing pad(104). A CNC controllerd 02) is used for 
controlling motions of the laser device(100) and the tabled 04) by 

recognizing patterns of the groove and the through hole. A user can determine shapes, sizes, depth, and intervals of the 
micro hole, the groove, and the through hole. 




copyright KIPO 2003 



Legal Status 

Date of request for an examination (20020802) 
Notification date of refusal decision (00000000) 
Final disposal of an application (registration) 
Date of final disposal of an application (2004061 8) 
Patent registration number (1004428070000) 
Date of registration (20040722) 

Number of opposition against the grant of a patent ( ) 
Date of opposition against the grant of a patent (00000000) 
Number of trial against decision to refuse ( ) 
Date of requesting trial against decision to refuse ( ) 



http://kpa.kipris.or.kr/kpa/kpaJmage/2002A1020020045832/kpa.xml 



2006-05-09 - 



g«5i 10-0442807 



(51) . Int. CI. 7 
H01L 21/304 



(19)tfl^^*)3(KR) 
(12) ^M-^iL(Bl) 



(45) ^-H^*} 
(11) "S-^&S- 
(24) 



2004^08-^04^ 

10-0442807 

2004^07-^22^ 



(21) 
(22) 



10-2002-0045832 
2002^08^02^ 



(65) ^7H«iJ: 
(43) ^-7H<a^l- 



10-2003-0011722 
2003^02^11^ 



(30) 

(73) ^^^} 
(72) ^-^^1- 



1020010046795 



2001>d08^02^ 



cfltb^(KR) 



(74) tHeltl 



t« a 1 'S^H-S- 633*1*1 

^ 368-1 210* 2302^ 

^7li -StfAl ^*1* ^ol-oj-sj-E 10 2^ 14 02 Jl 

^7lSL ^=f. <^ff ^-t}«WS 224* 10 13: 

cfl^^-^A] -fi-Aj^L ^j-g, ^-n^WS 307* 403 J: 



efl°l*l £A}*Hr eflol^ 04*1-311-5. VW\3L*k t>}±= Sfili^ ^^5]* ^<>lait, ZL^-^L 

^/a* ^rl-iSj Q±= v\^EL\ 3*R1 ** ^ S^*** Bflol^-; Aj-7] Ei]oj-|- Aj-afl ^VS]^ ^ul^C; 

« <£Pl-3ifl£. Aj-ofl DVola^, n^-H. ^-**21 dfl^-fc t!*l«H Ol^fl A 0 V 7 1 efl O] ^ ^| * El] 

*fl<H*Hr CNC ^B-f-el* £1HM, <a°V^S ^-<H1 ^^Al^l nfolas zi^-a. ^/SEfe =l*«-2l 

^^sM CNC ^Ht-eH "a^^ °1 "a^sl* -liai ^i^M ^l^l <S"1- ^1 = 
s+ ^5)711 ^^1a1?1 cf-g-, 41-7I CNC -EH»elel *H*HH 3l°l*l S ^ltt ^*a1?1jl, sfl^^l 

tq-s. £1] o]^ «j.g- oj-^al- S-sfl 2;Al-Al^ <gn>3))^cH] D^l^sf, ZL^-a. ^/5£* ^*** ^^Al?l^ ^.g- s.^J o. 
7}-*€ ^ SI-lL. **<W *<H)<>1 SiCf- 



.£ 8a 



- 1 - 



10-0442807 



<a°VsflH, n}.o)H5.-&, ^it, 3M*1 *q, "1-^3. 



fgoj 7jc}-tb 

£ 1* 13 -il CMP ^-^1^ ^2: ^ ^Pr^i M^Tr 7H^=£. 

£ 4fe ^efls] ^-i^<H] ^«fl ^€ ^3] a};*1. 

S. 5a^r ^efls} n-f-*L« 7^^7l 7fl^£. 

-£ 5b^r ^-i-oll 7}^ *<9*I ^EflS] Zl^-«.7> <a^3fl-£fil 7fl2T£. 

£ 5c^ 5b S) A-A^ofl tt)-s ^cfigi. 

£ 6a* ^efl^l ^2i]»]^7l- ^aj-^ ^ig H ^ 7H] «fl ^«-7V 7fl=f2}<il ^^r^i. 

£ 6b ^-efl^ ^1M(S. 6aHl ^«fl 7}^ =l^}L7} <a D ]-3fl^£} 7fl^=i. 

£ 6c U^Hl $)n 7}^€ =L^1L2) 

£ 7afe ^eflSl <a°VBfl^°il 3~f-£-§- 7}~§-sKr €^£3 7fl^=£. 

£ 7b£r ^eflaj 7aW ^sfl 3~f-*<>l ol^afl^sl Jg^S.. 

£ 8b^r * 4* 7^*S-^ofl ^l-g-S]^ Bflol^l -tf*B* ^sFb 7fl§f£. 

£ 9afe 8fl<>l*|*MI S]*H 7f^ nW=2.S-** ^ .gu^c A >;*1. 

£ 9bfe * t4sf Bfl<»l^ ig-fr q^sl Qf§ sfl^ ^Aj^i D }iat ^M^H *§^« ^ 

£ 9c* * t^oll 2)1 ^l^ ^-fr -2-^*8 ^H* D V^3» f-^M f§Aj-g n H3.S#* #* 

H<N 3§<S A^. 

£ 10* * U:^] 4* ■a^AHS.^i n>ol3Sl-ol Hfl^l^ ojnfajs. 2] 7fl 

£ 12* * <a^AH]s.Ai zi^-a.7> m*i£]<H 51^ <a^£^ 7fi^s. 

l: CMP < a D l- ; a-*l 10: CMP 

20: ^ 30: ^^a) 

32: s]e|]o1M ^ 34: 

40: #ele] 42: *e]^ 

50: ^rqAiui 100: 

101: t>ViH 102: CNC ^S*^ 

104: eflo]^- 



H e v ^ 0 l 7]# ^ a *efl7l# 

* t 1 ?!* ^-^^ 7l74]^ <gt>KChemical Mechanical Polishing, <>1«> 'CMP'^ A>-g-^^ °! D ]-3fl-^(polishing p 

ad)^l ^|2 H J-^°11 ^-*»- ^-s], 511 °1 ^ D l-i3t ^ofsiljcoii c>ol 35_-ft(micro-holes), ^f-^C 

perforated holes) ^/^^ zi#-«.(grooves)» 7]-^-^ ^th 53^1 4. 

^av^j CMPfe ?1£^1 i^V ^12: ^3MH til ^1 lt^-(global planarization)* °]3f-7} ^ ^ * ^ 

11/7313 «=lt>)-'S-*S] SJ-M-S.^, <goV°n (slurry)* ^Ml^^r $1 °1 b] (wafer) A>olo)l -f-o]^ ^.S. 5.^* -^^ 

* -r^« 7l7fl^ <afHjHr ^-«f^ 7l7fl^ ^oV^olcf. 

CMP #*K1)S} 7fl^i * CMP ^21(1)<H] fl-«f^ 7l7fl^j °lt>l- JE.il£7> S 1 ^ 2°fl £Al£]cH 

Sicf. CMP^ <a°f2f^* CMP #*1(1)^ <?! D V2l|^(10) 3j-«r*l -¥-^Sl*^r 7]7fl^ <S D >^* 5L 

^-*Vcf. sm*\ -f^wv-a.^- ^^^(42)1. -f-sl-^ ol«^^^^l ( #ela)(42)fe ^<>l5l(30)^ £-3* ^Sf^^s. av-g- 

Al^] ^S]^ 7l7fl^?l <S«>^-^ 0 1 -§-°l*r7ti Sli^- «fl^ ^11 * ?!-cf. CMP ^"r^WH, CMP 
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(10)^ =g MKplaten)(20)°fl ^^Sj<H SlMslOO)^ elfHMu) ^(retainer ring)(32H] 5L^S)<>\ 

«"2f ^(oscillation) °) H) *-&^?H40W ^sfl «SoM4| = ^ei^^l <3o r 

<y*Hr cmp ^h^uo)^ ^1^1^(30) -B-<asi°i -a-^ ^r^H^r am^oo)^ ^l-sfi ^=(10)21 

7]sl ^J^l* #S.olS(colloidal) ^Efls] o"aOS.Al, <3*1-^ f>ofl CMP ^°>sflS(10) 2HJ *M?14. <S 

* CMP cHrSl <an]-Oj^7> ^TflsJ-oj ofln>^6fl %o\*^ ^ SW °t ^, CMP 

^Wl^fe #sjelt CMP <a^2flc s ^ofl 7V^-*v .2.3! a]tV ^-<y- ^o># ^ 5l°H °t= 

o]<q- z>o| <£e)el» ^ofsflS-ofl i^t!" -n-^l A l?l7l wj-'g <goV3flj=of) oJ-O] 33ol l=K/mi) 3.712) ^-«§ T 1 

2i3] ol-o]5LS.-a(micro-cells)* <S D r*l|S. ^-f-l-(perforated holes) SE^ Zl^-«.(grooves)# 

^elslsl ^ $ irU-t!- J1?I°1 ^cf. 

f 1 ^* ^fe a o V ^€r l-el^^ oflH§l ^(polymeric matrix)^ 4^21 # a} v] (cavity polymer)* 5-°Jsl-7fl 
S.S1£^ pHBS€t ?MCr. ©1*8 l-el^^i -fEim(urethane), ^ s(po 

lyester), ft^n^^fluorinated hydrocarbon) £fe °l#2l ^^"S -f-^l ^Hl ^^-^11 (curing agent)* ^th*]- 
^ ^€Cr. <& ^ -2-S. -¥-71 <S (inorganic salts), J f r 7Ksugars), ^-g-^ ^ (water soluble gums), ^1 (resin), 
oll-oj ^uf o^o} f-ol ^^^11 5. S<>1 *>-8-£|m, ^ ^^^llS-^r *emi^^(poIyvinylalcohol). ^ 

^(pectin), -I-elHl 1 ^ ^S. e) ^(polyvinyl pyrrolidone), #el<Hl^^! ^-2l€-(polyethylene glycol), ^-feflfKpoly 
urethane) S£^ 3. S^S.-?-El ^1^^. ^«fl#2l 3]^^ ef 80/miol cf. zj-zj-o] ^7 ^cj 

€TOigh Shear Mixing)^ 2l*fl l-el^§l "llB^i ^Ml S^sWI §-i£]51«?- %<LS-V\ 5<a*r «><>lHS-S#ol S 
(S. 3^r o)el^ A|| of] ojsfl D |-<il3S.>i2l ^1-^1). olsq- zto] D l-olH^.-i^l sfls.^ =1] 

Si ^71 2ltb ^ ^^"^l 2l«fl ^g^-SlTfl ^cl-. 3}->gofl Sl«fl ^^(random)*l-7fl ^-SSltH ^ ^lH^ 

-tl-^ ^-it-'gofl 7l|^r-slcH ^ £^ El-^^ 0.5. cj^ol ^em-Tfl ^cf. °1 ir^^l^ ^^> , S 0 ll £e|iM sl^ D f°l3. 
S-i ^^21 H7l2f 2}*]^ ^l^*!- ^-i* ^TflSlul o]5l *]- ^-i^ sfl^Sl 5-^^^- ^^)^]7l^r -2-^-2-5- ^f-g-^cf. 
SEtl- ti^^l SlsM ^J^- S}-^^] «o Vi a* ^V-g-^Vfe ofl-cr ^ A o v #2l-?-el|€(polyurethane) *^°11 

^^1 f-* A}^SW #e|ol?J nfle^^ ^Ssl-ol, 3l-«h«V-S-<Hl «-<^^ 71^1* •gHH^lfe #0)14 

Si °JjA}- 7131-1- Iritis A]-g-^-o.^.«l 71X1- *^Al^ >i# ^^*M1 ^Ct. 7JS21 t^§-& :2 ^(high shea 
r mixing)^ 2] -§-^(nucleationHl 2l«fl ^^Sl^, ^ S3] (surfactant) ^21 ^-g-^S. £^ ^-^* #of#i5.S.*| 
^ol3S.^2l 371 ^ 2:^^. £ 4^r ojeltb ^i^^] 2l«fl ^^^) n>ol 3 S.>i»2l A^olcl.. nejuj-, £ 

4°n & *w ^-i<Hi 2)sii o\]s= -t2i 371 7> 71^1^ <aov^^°n ^-g-^Hfe m 

3H <a^Sr^l -121 371^ ^-i* u o v l3 °l Slfe Sic}-. 

^^^l°fl 21*1-7114 ^-i^^l 21^ v}o}3.3-<£2] ^Efl^ £^ Ef^^l- 5>feC]-. O] 5] S}- ^ Efl^ 

3.&°\\ m-sl- «!o>3H= -S-ofl ^#5)^ n>«>l3S^2l c}-^^ ^.^-sl-Tfl £4. ^r, ^"V^r ^1^^ ^el- €^ £ 

El-^^21 v\o]=Lg_^2) ^l^ol 3l-ol-^cl-7> Afe^ 7\] 5] 51, *M"<^ 9X^r *}°] 

°fl ^111-7)1 7l|^£l<Ho> ^cf. 

^-Br A 1, T 2 "^ EH1*§21 oJ-olH^.^ Zt^ <g D J-^c fe ojB].?!- ^3 ■a^l <a n r^l-^2l -¥^117> ^^-^1 ^ <g 

«V#ol *<t^^7fl 51 cj-^ol ^cf. 

^°V^s Sfe n-f-tL* ^^«F7l 2l*v 71711^ 7Hg-w 0 v>*Hl 21^ *m SEfe %^-°] AJ- 

£ 5a°flfe ^«-«r 7>^-*}7l fl* ^^(70)<>1 JE^SH Sl^. ^-Br ^^(yO)* ^1^21 ^cflofl ^^}31 

•aoVsiflc* £\ 7r**r 1 d < a n >2fl^. ^^oll £ 5b2}- Z>^: ^^oj ^efl^ ZZ=-a.7(- ^^^cf. t 5c^r 5b 2l 

A-A^<^1 l^^SAi, €^°11 2lsfl 71-^-^ n-f-«.(75) ^Efl2l ^7>iAlslol ojcl-. oleltb^-^^ ^Efl2l 
^tLSi ^7V nl^s.*] 3] 5,984,769 Jl^ll 7Ha1e1<>1 5icf. 

^^71(81)^ ^^ v l-(cutting saw)(82)^l- ^<=>] ^1(spacer)(83)* S 6a2l- z>o] «flS]*l-<^ X^^l o]^a1 
^ 71-^-sl^l Y^^-S. fl-g-^l-ol ■g^s^o.s ^1$ ^ 90S 31 « 0 v ^-5-^ ^l-^sV'a £ 6 

b ^ 6c2r 2-^21 ^«-7> °lo>^^ ^^eK 

S. 7ao\}^r n^<>\} ^-*** 7(-^- §1-71 4Ht!- ?1^ 0 1 i A l5]<>l SX^. °1 ^ ^1^* °l-§-*H ^"VsflS 

* Y«o V ^S <>l^Al7l<3A-l ?1^-Al7l^ JE 7b2f Z>^- ^-f^o] <S"l-2fl^ ^°ll ^^^Cf. ^T**^ ofl7 r t"l^- 

^-*1 31 5,853.317 3L oil 7flA]£J^ 51 nf. 

olfi). z>ol <g D )-3Hl= Aj-o)) ^= u. se^ ^-*^ ^Ajg>^ ^eflsl «J-Aj o. ajhv £ - ^^o)i si ^°l7l afl^-^l, n 
^-a.21 7V^-^Aj.^. ^^Sl-sl<H o^olA^ #£lel2l -fr-i-a- 3H^7j JL^°J n^-a.21 sfl^ 

* ^1-^ Vfl7l7l- <H^Ji, ^l^oll 21*11 ^r*t* 7>^-^ w^^r ^*^2l ^Vo] i^Sl^ ^Jl, X ^ ^-8r 
«S-^o.S. ol^^^l ^^Sl-71 nfl^-ofl ^ *Hmo] ^-Jl ^^^-El<H Sl^ CMP ^^^Ai Jl^-El^ ^ Ufl^^ 
7l7V<H^cf. 
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£t_V, «le1*>- 71313 ^<Hl m-^Q n-f-H. ^| =J-f-fro] -go(. 5? |c^ 7 ).:g. A | ^sHr cfl tLe]i(debris)7]- n 

•f-u. ^ Bj-s-l- ^-^-sj-^l HJ<H CMP ^a] i 3 ej| *] (scratch)* $14. 

if-*! ^1 5,900, 164Jl % 5,578,3623: <>ll £r Bflo)^ uj^- ^Aj-SH ^-f-Ji* ^«Rr 7\As\°\ 0} 

^3» ^aM?]°> 4^^, ^ SJ-a] ?J ^ sfl = 5l ^-f o)|^ A)-g-^ ^ -E-*l|^°l XI cf. SL*V 

7]-*^ ^^WW eflo]^ 7}-^<aofl S^Sfl ^3}"^ Hi3t ^1]7H^- ^°1].E. 2]|£L ^ Sl^fl o|2] *l|7i 

3°1 ^7fHl<Hoi: sj-o^, ^av^ o^a* £ ^o)] «.3}-*v nfl 3flcfi). 3^ ^o] oj) 7 ] i7 ]- aJ-gsJ-o], y)o]x\ 7 y 7lS^# 
Ef*« ^-f ^^1SJ^ 3.71 cflS 7 r ^o| of-Lo^]*! ^ g^jo] $14. 

t^^r #HHSl f^g-*I) £fe ^-i^ofl 31 =H "WSS-^ 7]?fl2j ^cjofl 5] *H ^S]^r n^-U. * #-f"* 

Si ^-^^ *fl^«l-7l s^ ^nl-sflS-Hl cfofs}. oJ-oIh^.^ zi^-u. =1:1-** Ti^M $-8*1*1 

^ $i£r «o v ^* ^m^rJi^ <fr4 

-g- ^^^r ^eflSl ^^1 SE^ ^i^<Hl ^Sfl nJ-ol35.^oj 37 } * «. i7 } ^oj^j °*al °1S S^Hf- 

u o v, a o l &<H .^r*^ f^l 'S°l-#^1 ^i^Tiq- <y^5l-^l ^-1: SU^r^T-l- ^ oJ-o|£^,g;Bf 

& *r-8- * «-*r ^Htl £i ^ 37l» zl$^?A H7l» s^tJ- 5Ufe 4°135L *-§- 7>^l-^ « 0 >^ 

* *l]^Rr ?}-§: ^^-S. ttcf. 

£&*h #£flSl 7l7lHol aj-^oi) oj^fl Zl^-Hi £ ^ ^l-frSl 1 31 S^r 3fl^^-S. ^^2] -fir 

^ jLUf^jjos. ^HsM ^-sHr 6fl^sl-5i^r -OS.. ^of^-^Ai ^elel^l -fr-i-* *)H% v 

oj-qef, ^ Efl si 3M*1 ^4 ^1-g-^ ^^% v ^"l-BflS^-oi] q}i 3 f 2,^1 ^ 

°> *>-^ ^^21 4^^- ^^lSl ^171 ^-^ol ^ 7 }s^o]o^ ^ ^fl^sl-JZ, 71-^-Sl ^o Va 17H, 

Cf<y=*b ^21 ig-g-aj A>-g-*V ^ H. ^ 7>^*^ Mj"^* ^l^fe 3* 4^ O.S. ^-cf. 

olsl^. -s.;^ ^ 47I ^l^ol, ^- eflol^ 7>^E)S1- 4i3f ol-8-^M <a^Bi|s ^Hl A]-8-^-7> «^ 

<^*v sinus] ovoih^, zl^-u 7>^*^ » 0 ><^* ^l^*>-q-. 

^ u-^-gr e)io]7i 511^1^1 ^1; <3 D H1^ A oH] ^^ai^ji^i- 5^ afl^^i. <y*isq^ "HlHSf, 

«. 51/21^ BVf-4-e] Bfl^* ^ "1-^3; ^ ^^i*^* sr^ Efl°ll-; #71 El] oil- ^"Hl ^ <£n}3!\ 

EL; Tg&vMSL ^<>\\ ^ Al ^ o}-o]3.S.*, ZL^f-iL ^-f-S-2] aflli-i: <y^js>^ o]ofl a]-^ ^-7] bUo]^ ^-^1 

^ Eq oJl-sl ^»|5fe CNC ^Hl-ei-l- S^-«fD], 9if 1-^ = Aj-ofl ^ ^ a| ?J nj-o|£i^ ^, zi-f-tl ^/£-cr ^ 

#S1 sfl^i* CNC ?Sfz11 <a^*l-^ o] ^l^^l- 1J^l=lfe °fi3# ^dqsl-^ 2llo]7-l ^]2] S>^;<H] °1p1- 

sll -EL 21- ^r^slTll ^s]Al^1 cf-g-, Aj- 7 ] CNC ^Hl-alsl ^H^H el) 0 !^-] ^1 ^ Efloll* ^ 
^»1] crl-s. eflo|xi wj^- p}i3l *«il SAf a) ^ <g 0 j.3flc.oll ^olast, ^-f.** ^ ^ ^] ?l 

^-^J-2_S. *Vcf. 

si ^ ^ ^-8- 

o]^-, t^s] * a]-g-* ^>H1«1 ^^tbcf. 

H:^^r <a°rSll-£Sl o^lfist, n^-u. =tl-** 71-^-^cll eflo]^ 7>^-^s]<2]- ofiH# ol-g-?!:^. bH^I 

^» «1 -§-*!• 7]-g-« 0 t-£-gr <g^^#°l §J7 H]^iAjolH.5. ^21 nl-2.7}- ^^°1, 4^*!- S.^2] °H]s)-7l| 7> 

^ ^ 21 ai 2]-^ A] ig-Jif Al^o] 3]-<g«;^ol *H3?*l-tHr ^-^o] ojcf. eflo]^ 13)^ 94,4211 co] S^^l 2:AK 

M^Dsf^, °ln]-3tl^sl -&S71- ^^*1 -S-el-7]- £>3 ^*\?} -§--§- *^H1 ^.S^ *^o] ^]t]e1cH 7 >^- 
o] ol^-ol^Tfl ^c]-. 

-S- 4€" 5l|ol7i 7f?-«j-^ol] o|-g-5l-ir 2l]ol^ 7]-^-A]>-^^- i 8<H1 -E^m «VS1- ^-Ol , Bflol^ia^- SAfsV^ 51] 

ol*i ^aI(IOO), ^3(101), 5l^*-^ ^ 3AV^-g-^g-* ^ ^ oj^ Eflol-g.(i04), <#7) EfloH-(l04) ^^1^ 
?i D >3fl^(10) * ^J-71 ellojA^ ^1(100) ^ el]oll-(104)S] CNC ^Hl-el(102)» i^tbc]-. 

^7,]-^ <Sn]-2)l^ >y-o]l o]-ol 3 S.#, ZL^-M. ^/E^r ^r-f-*S] ^Efl, 37], ^o] ^ -g~g- 7V*S.o] ^^l}- 

oltsh p]-oia5.*sl 7>^-«J-^oi] cUsH -MtgsH, ^ ^-f-S-s] 7j-^« 0 va£ 012]. -fi-Afsl-q.. 

A>-g-AVfe D H3^21 ^EUl- HH11§, AJ-Z]-^, AfZ]-^ ^ Cfotsv tg^S- ^ ^2] 3]^ Sfe U) 

«1 ^ £°1» 7>*S.o] ^^tl- ^ Slcf. SL*V, n>o]3^2l ?1"]-^^ cfltb ^ HflAl -S-i ^ Sic]-. 

^r-g-T-Hl S]S11 ^ J V <:, l3S.*Sl sflifi-g: ^^E] ^a1^]o] (Computerized Numerical Control, CNC) -g-Hl-eKlO 

2)ofl <a^€cl". ^€S] <g^-& i-7l]^ (scanning), 7flS.(CAD) S£^ n S]2] cl-o^ fg Efl^. oj^^ ^ o^cj. CN 

C ^ml-^fe <a^€ 2HH* °J^sH <=>1<H1 n]-e]- Eflol^ ^-s] * elloll-2] ^-^* ^Ht!-Cr. £?b, ^H-t-HI ^ 
"]o|asts] aflei^- p]i3 7fla«l] zicils. ^7fls]^cii, 0411- i-o] -a-e) 7m si^ a § t^-^ *v ^lisf a> 
a! a]z{- 7l#* ol-g-afl iflei^ *g^s r7l uh £^ ellol^» a]-^s>^ ^fls.# 31 *m afl^cflS ^cfsl-^ eflo]^ ^-al ofl 

-?-^-S]-^ £ 8b^]^ AHEP^ 0.5_ £)10l^ 7 ]. ^2fS]<H BflS S^Ol) SAl-SJ O.S«) 3fl^i ^>«-CflS. 7>^ ^ o] ^ SJ. 

»li3l a^^-o.s.m] CNCS. 7X^7} «H^* B l^l =11^1* t Si^. "J-eM. CNCS]- of^^l- a>-§-^- 

71^2] 7l?l]Al 7^£ £fe SjAVg}.^] 3fl Ei^ 7^^- ^ ^cf. ^S- #0] 7^2] BfloJ^oU 2] *V 7>^--8r 
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o^zj-o] o^3L^ 2)M*1 ^^1(100)21 st'EHl <?1^3})^(10)sq- ^r^Sli^ 3*1^1 

^el^cNC^Hl-ai^ ^oH) 2^ eflol^ ^1(100) ^ elM-i-(104)Sl ^ofl 2lsfl eflol^ujo] v\+=it s-gfl efl 
oil- 4 Vo fl <d D Hli= CNC ^£t-2lofl ^fl^^l oV 0 l3S.-&ol ^d)-sj1s Aj-ofl $<g5|7f| ^ 

#*l(100)^r CNC ?Sl-a)2| ^11<H<H] Sl«fl ^efl, H7l, 713 ^--g, D Lo) a^.-&-g- <a°>3l)^^ 7J-* 

^cf. ^z^, Aiz}-^, .$_Z}-fg ^2] ^eflfe 5))ol^ i^sl %S||t ^ SlJi, ellol^ 

if2) A>o|Z:# £lfiLS.«| cgc^jrol] 7>-§-E] ^ olo] 3 5L-g.2| 2] 7j £^ l-1«|t ^ Si«}. *<H . ^ 

AVol^s. 10-150 wn^. i^sf^ 10-150 tm$\ ^"fr Sfe 7>*tt ^ 5l-°-°l. *M^* 1-100 

mmS. i^SV^ 1-lOOmmS) ZJ3* 5>tt "Mas.** 7|-^-^ 4* elM*l U J^1 <3#/## S^-gr *8«-J3- 

t Si 1 }. 

*V3g, <a D j. 2J lc( 10)7 ). ^vaj-^ 61] o] 1(104)^ X, Y, 3^ °1^<>1 7r**M, R-%-§r ^^SLsL 3];*l% ^ 

^^4. iHMl-a- sHo]^wjo| saI-s]^ ^ofl CNC ^Hl-alel ^Mofl 2l*V x, Y, Z^r^l <>1^ ^ S}^^: 

"y^S nl-o] 3.^.4- 2] Bfl^o)l trj-ef 7)-^-* v ^ StU, £th H°laS.#o) <g D ).^ofl Qj^*V z]-£S. o] 

^ Siq-. £«i, til olio] °1##-E ^ ^iH^-o.s.^ o>o|a.s.^2| us., ufl^l* a^tb ^ $Jcf. 

Ola]*! Bflo)^ *J-*1(100), °Vi3(101) ^ <*l D l-3l)E-(10)2l $)o]2\ Stj-ofl 2]tft *}-%-Z}7\ ^}^r ^r°^ Bfl^S] ofo] 
5LS.*ol 7V?€i}. £^ ^f-l-S ^o V #^ Dj.ola.s.#2l 7l-^-« 0 V^3l- ^-oJ^l-Dl, oV°l3S.-&, Zl^-a. 2£^ ^^f- 

#7l n^a^ wls^l e]dtOitho) *^«*H^ >«-l-8-«hfe ^ ^-el 7l««fl £L-§-^.S ^1^^^ °fiH7l- ojMlal 

ol^]n>, 2] <>i| ^ej-^EJ, l-e)o], f^oi ^1^€ 71-^sl-cf. 

^ t^i 4e} 7V*^ ^ola^oj A y^ Q ] s 9b ^ 9c<Hl £^1=1 <H 9X^. ■£ 9c^ ^-f 197-248nm2l spg- tfl^^. 
^ 5-lOwattS] 2^5. ^?1a]?J cf-g-, ellolT-i «]o] ^±,3. afl^^- ^14^ sfl^o)] uj-ej- -ti^^ 

o_5L ^2fSlol aj| c ^ S ^Al-slis. ^j. ^ o-olc^i o]m eflol^ El-oj( s hot time)* 0.1-10msS ^ 
aq ^-^ -f-ei-i- ^a)- ^-0.5. mi 7f^- iioi-i- a^sv^cf. «r, AJ-71 A4 Ef<y oj-qef <g ^s. s^^^a-i sav^v ^ 

£ 9a, 9b ^ 9c^ a>^1o]1a1 ji^ a>sf ^-o], -g. uj-^d] 4^ 7 >^-^ °]-ol3.s.^(9b)^r aj^ ^ ^-S* 

^^21 ^U 7>^-o] 7V^sM(9c), 7V^El "><>l5LS.#2l £^0] nfle^. °l<Hl «l5H, ^2fl2l Bllo|^ ign)-^ 
iAV*)-^ 7l~g-4el o>ol3S*(9a)^r 7}^3] ^^ofl <go|| sn$. -%~&t$.o\ t£^0]^<Lg_»\ S^o] Dfljl^^l SJrO. °.^)| 
^ol ojnf. a*, i 3 ^ 4oll zj-z}- iA)ilo1 oj^. ^eflo] ig-g-sfl ^ ttj-^rt^ 7 j.^ ^}o]3_s.^ zl ^ 

a 7l7> 5-<a*W 0 >M*W ^"V^^ 0 ! ^^^<H1 tH-ef 7fl« 0 »-Ei^ o)-oi a s.^oi ^<a sW ig^ 0 ] nl-^i, 

^- 1>^^1 2)*V oJ-ol5L5.*^r ^^^Al-s. <gDl-^dl o]^Al7l JL Qv}^'*}*] *g A 8*}^ tU2)it S.°\ ^Si^?} <& 
V}$\SL ^^Aj^Al Hfl^Al^^fe ^efl°l vyo]3_3_^3!\- ^-OjsV 3|-g.^. *V HH-nV oj-uj ^-Oj*}- 3.711" ^S-Sf. 

Sl7| nfl^-oll =L 3L3\-7} «^ -^^sfcf. ^ ^o\] ttfa.^ ^^.ol] n}.^ 4»lait2l Hi, 3.7] 

A|~°-i-?ll Ufl^ll- 5i-2-°1, ^"1-^ = 0)1 t.}A 3 f ^ aJ-A] 7| *1 gjrj, Bflol^.^lOl i]-^o\] tj-^] ^ ^ A] 7} 

^^o] ?Vcl5>j7 ^lTlsflol: ^^<a slH, ^zv^ p).A 3 f Af-g-sV^l n^L 

ofli AV-g-^ ^ XI ^ ^^Ol ojd-. 

£ 3ofl £Al^ A}^lo| o.^^^.u.0,] cflZj-A} iA]^ 51 -a- ^eflSl ^^o)| ojgfl c^sflcofl ^Aj^ ^;-f-^ 1+ 

Efvfl^ 53old] £a]^ al-sl. ^-ol ^--f-*^ s ^o] Tl^Tfl sjo] cfla.e)>i(debris)7V ^«>7fl ^c]-. o]^ 

CMP ^-^Al i 3.5)1^1 (scratch)* -R-^^m 5i^. ^3iM-. * ^r^°ll Zl^-H.^- eflol^ * ^3 

7^o)l £^[ol nll^sl-Tll £l°S. o]^*l cj-^jo] o^cf. £^ ^- ^o]| trfeig ^^.«H tt}-^ cf^*! Bfl^^l 

^. .g-^ofl m-s ol-ol^.^, ^ ^H.7f ^Aj^ o4u>jfls.S| ^e|7>^ £ 10, 11 ^ 12*>fl S^lSl'H Slcf. 

S. 10-& -S- ^ofl tr}-^ 7V^^ ^l-ol3S#ol uH^l^ <an>Bfli=Sl 7l)^iS.Al > ofl ofs}- ^ cfS- D j£t ^ °1 

o>3flH.7l- £Aisqoi ojd-. ^ ajahhi a^, jq- 5-«a^v ^£ ^ 3.7]% 

_£ 11-g- ^tgofl irl-e)- 7>*S afl ^1 <H 5Ufe ^"MHSl 7fl^S« M-Efvflcf. £ 12^r ^-^oH ttl-E^ 7V 

^ Zl^-H.71- HH^Sl-H 5flfe °1«MS21 7fl2f£5.A^ 0|ll}3flC7l- 6fl°ll:* Sl?i^l7l^1 X, Y^^-S. O]^*} 

7}^ «||« M-Hf^q-- ^ 5b, 6b, 7b<>ll iA]^ Hl-fiJ. ^-ol, ^eflSl 7l7ll3 7}^-°\] =L^*- ^ ^*^r ^ 

^SV€ 33fl^-°-S.°t 7)-^ ^ 5io.q-, a- H^oi] a)-5.<g, CNC SH-l-el, e)]°l^ S D V^3# °l-g-*H ^ ^ Sl-^l o] 
£. 10, 11 ^ 12o)l J£AisH oj^ ^eH^«i o>qe]. ^pMh?} cHJ*l ^ Efl ^ p>oi3S.* ( #-f~fr Sife n-f-H. 

# 5J-i^- 7\^ ^ 51°-^, oj-f-o] Cfoj:^. sfleH^ o^^c^ ^3: lb Si^f. ^, "><>lHS-l-3l- ^-f-*, 

^sl s^f 
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^tL sJ/Sfe #4*-8r -g-ol c|-7fl 7}^ ^ SlTl) ^cf. £ 4^ #efl^ dJ.oIhS.'S tJKH 5<y*}- 

Si*h -g- cfy=*V ^Efl, 37| ^ a°l "["last, ^l-t SE^r ZL*-«. ?5 ifAS o]^.o]t] 

3:^ t 1 Si^a, *cM*Hl ^lat^s.^ ^I^Jl^tI- ^<>] ji ^isul-g-* ^^Hb *r sl-*r sicf. 

(57) ^s] >g$) 

3^9- 1. 

ell °1 ^1 "J* e|] °1 ^ <£ D Hj£L -*H1 «g ^ a) 7] ji^v <asis)^ "[olEll, ^/Sfe 

^1-^.0] ^.fi. 3 ^ o-^ ^ s]^ o.^ ell oil-; A o V 7l e)| °lt ^>H] ^slfe ti B ^H; ^ ^4 

sflJ= ^-<H1 *g^A]2] Dl-ols^, n^-a. oj^sW ojofl n}-Ef >a-7l el| o] ^ jg-sj «1 iH|oi;-g-oj 

*H<H*Rr CNC ^Sl-ai* i^-sj-oj, <gn).3fl = 4H1 O-^tL ^/2L^r $-f-^-2l sfl^-g- 

^<sH CNC ^Ht-eH <y 53 5). j7 o] 3H%l3f H^Slir °>^5L» ^d^^ 211 ^^ofl sfl^sf ^ 

slTfl CH8-, ^-71 CNC SEt^l s] ^<H5H1^1 efl°l^ ^ ^l 0 l^r-a- ^^-^71^1, 3fl€°H 5)1 

o]^ Hj-s- ni>:d;3.# *«fl i^V^l 7j ^-^^1 "l-olHS*, Zl^-a. «!/S£^r S^^l ?1 3* ^^'-2-5- 

2. 

^11*^ A o V 7l ^o|-3fl^oll 7^51 "l-ola^t, ZL^iL «!/^r ^f"*^ 3]^ SEfe 2:^1-7] ^ ^ 

^•^t-^- 3. 

^7i ■goMHi 7^si^ n^a. efloi^ -y-s] * Ti^-i- 

^nF* 4. 

°i<H A 1, ^"71 ^o>BflS-Ofl 7^Sl^ "l-ola^.^ n-f-ti 5!/^^ 2:^«>7l eflo]7^ # 

^-t 1 .^. 5. 

Xio]^, ^71 <ao)-3t)5L»11 7|-^£l^ n>ola^.-i-, ^-Sol <?1 D >^^- °l-f"fe S^*>7] 
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